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NOTICE
THIS DOCUMENT HAS BEEN REPRODUCED FROM
THE BEST COPY FURNISHED US BY THE SPONSORING
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE-
LEASED IN THE INTEREST OF MAKING AVAILABLE
' AS MUCH INFORMATION AS POSSIBLE.
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Manipulator System attached to a Shuttle Orbiter.

1 DENVER DIVISION -

Baseline Orbiter: McDonnel Doug]as/Mértin

Marietta design without cargo erection device and with a docking port forward of the cockpit.

Categories

~I. Mission Derivable  1II.

Includes

~ Operations and Time Required
Shuttle and Station Constraints
Cargo Minimum and Maximum We1ght and Sizes -
Arm Reach
Arm Deployment
Arm Stowage -

Safety

Excludes

.:Interfaces Environmental Corditions
Reliability Safety

Maintainability Training

Assigned for Analysis Purposes

III, Design Guidelines

Cperational Computing

Crew' Display and Control

Pre- and Post- Contract Velocity & A]lgnment Cond.
Arm Tip Velocities and Accelerations

Operational Time-Line

Manipulator Weight

Stopping Distance

Quality Assurance Materials
Transportability Electromagnetic Radiation
Commonality Interchangeability
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2. SPACE !
STATION |
MODULE |
(20,000 LB) °
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3. MAXTMUM (4.
ORBITER
PAYLOAD

(65,000 LB)
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5000 LB -

(14 x 20 FT)

5. 400 LB
SATELLITE]
(2 x4 FT) !

6.

DISABLED
SHUTTLE
ORBITER .

C.

TIME:

JTIME

. PRE-CAPTURE

(Deploy Arms to

Ready Position)

TIME: 3 MIN.

CAPTURE : .
(Mechanically Couple)
(End Effector &
Object)

TIME: 2 HIN.

DOCK SHUTTLE
TO ORBITING
OBJECT ..

10- MIN,

UNLOAD AND DEPLOY
CARGO FROM
SHUTTLE CARGO BAY.

10 HMIN.

HODULE UNLOAD,
TRARSFER, AND

- DOCK 70 SPACE

STATION.

TIME: 10 MIN.

e o e = o5 e v ——— _i

|
A LA

|

} SATELLITE
|
i
I
f
i

A

>




Arn Functlons

MANIPULA‘TOR ARM VELOCI‘TY & ACCELERATION REQUIREMENTS:
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UNLOAD AND DEPLOY {or Retrieve
Pand Load) Cargo from (or into)
]Shuttle Cargo Bay

1. Translate tip so that tip
to receptacle distance (on
cargo)‘is 1 foot. g

2. Orient tip to match recepuac]e
on cargo within maxijmum
a]lowed m*sa11gnments

3 Trans]ate tip so that acchanical
coupling is achieved between
tip and receptacle on cargo.

i until lowest point of cargo

5. Hove: cargc away from Shuttle
and stop.

56t Or1ent car§o 1n des1red at;1tude
7. Re}ease ;argo

4. Hove cargo upward out of bay

is above hlghest point of bay.
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AN AT £ R LD Rl T e SN P AN T K S RS L i G f:rﬂ"’:“:d‘::ﬂm!’ R b‘._.:‘-- : ’\ i
. VSN I TONS j,
UNLOAD & DEPLOY y |
- ‘ V., (FT/SEC) (FT/sEC? )
. MAX L Puax
2;;?2“?2 or Estimated (Tangential t (Tangential
i Travel or or B Velocity at. . Acceleration
| Tip or Angular® at Tip)
| Rate to Assumed Rate of Tip)
Achieve . Time N __?_h“_
i
8 ft 30 sec 0.27 1 0.36
SRR B e oSk e S e e ‘
(See Reg-
u1rements) 20 sec
1 ft 10 sec 0.10 O 36
16 ft 3 min ‘ 0.174 0.001"
26 ft 4 mino | 074 ..p.0001
IOO sec
L 20 _sec |
Tota] Twme 10 m1nutes




iMAN!PULATOR TlP VELOC!TY TIN\E LlNE U'\h_OAD & DL.P O TASI\ D S R T
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0,30+ e e o e

| — Move Tip Near E ' o |
0.25-*~—-j7// Receptacle b e s .

iA

— g

!' 0.20{---4: : JI SO AR R

. Ve]oc1ty
(ft/sec)
- 0.15

— Orient Tip to
Receptacle

Mechanically

- Couple Tip
_ . to Recep-

. 0.10 '_—.';’—— - ta?ll‘

@ s s e

Orient and _
Release ' !
-~ Cargo —_—

: / Move Carqo Away
— 1T <. from Shuttle
{ Lift Cargo :
— Clear of Bay
l
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3.0 4.0 5.0 6.0 7.0 8.0 . 9.0  10.0
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" Time (Minutes)
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Time (Minutes)

_ MANIPULATOR TIP VELOCITY TIME LINE: CAPTURE, DOCK & MODULE Z7 5 iy et
| TRANSFER ( TASKS B, C, E) L eevern ooy ]
Veloc1ty ' :
A ft- e = - I‘ - :
se_C) r Capture ]l l i ‘
o4l - o - . i
- 3 Reduce Closing \ | l
: 1 - - Move Tip 1
'0-3 ¥ —/ \lez*gc}ty B e T R ),/: near Car‘go + - -
B ; Y Reduce Separatlon ;
0.2 Distance to '
. — - —— e b s e e e e e 2 f t —— w—— - -
. L6 Tee ’ Y— Orient Tin ;
o1 _ Dock | |A Attach . Lift Module!
- \ e . R %gﬁto”Car 0 .. "Clear of !
r_Ahgn Dock1qg | Bay {
qPorts )////fl_a , ; 3
0 : - R Sy Sl _bed L
2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Ve]oc1ty Time (Minutes)
(ft- - e e e e e e - e e e e e
! sec) | -
{
e Transfer Module to SIS AU IRURT —
0.3 Space Station S . .
-\ - Dock Module
0.2 e, —en. S AR . e e
0.1 U S — - B
0 R O - —_ N _—
28-.0
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Problem: Arm must accelerate load at some rate, &, Lo some maxinun L
velocity, Vx , and move a total distance, d, of 16 feet in time, &, of 180 seconds The arm must have

i
i
|
]
; a deceleration capabllity go that it can stop the mass in 15 feet or less. What is the V ax and

acceleration, a? Let d1 and d2 be the distances traveled during times tl and to’ respectively. Then

wax 1 2 2771 max 2

(3%

. 1 : : .
w = g + at : 1 o .-
Velocity 16 3 aty 3 atlt2 : ¢

i
|
|

e, | - '

1 2 30 .

I d1 ; 15 5 acl or a = =3 | (2)
i : t .
l . 1

.Téme -ty 180 sec. . £, =180 - ; | o ()

e e e —— —

f#

t
i
i
F
|
| f
e e — _ ' - -
v : d=d. +d,= Loe?ev ¢ o |
. §
|
|
i
5
|
e
|

Substituting equations (2) and () into equation (1)
L@l + e, @80 -t | |
t1 €1 '

Solving for tl

tl = 174 secoﬂés : : I

! . - , o Substituting into equation (2)

L o .Ajﬁ  ‘  ' ’ a = L 0, 001 ft/secé

a73)?

. Solwvibng for V
maex

vmax’“ atl - (0,001) {174) =. 0,174 ft/sec

e 4n e
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A. Shuttle Docking Port

B. Station Module near Dock. Port
C. Station Module far Dock. Port’
D
E

Cargo Bay: Forward Lower Point
Cargo Bay: Rear Lower Point.

* Requirement eliminated by docking
Shuttle facing in opposite direction
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INTMUM ARM LENGTH ™
VS ATTACHMENT
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EACH TASK | | 4 o A
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. Goo 9729 075 70 1E55
4in.Arm Length (in.) ' { A Shuttle Docking Port (Elbow 150°) .
1600 ] T ! E B station Module Docking Port B {Elbow 150°) . N
1 ‘ Zé< G Station Module Docking Port C (Eibow 150%) //@
- \\\ Ff@f/; D" Cargo Bay: Forward Lower Point (ETbow ;EO(;)// — 118.7
1200 . ' ~ kE‘ Ca..rgo'.Bay: Rear Lower Point Elbowd}ﬁg&}" 1000
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REDUCING SHUTTLE VELOCITY: FORCE VS TIME APPLIED g ]
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80 = 0.4 ft/sec

F = External Force Required to Reduce v to Zero.”

Fem ‘éz = m %= (10,000 Slugs) ( &2 TElsec)
doe (FAt = 4000 1p-cer | o
| If P = Power,
dP = Fdv

| _ For constant force, F

P = F(av) = Constant

70

60

50
Force,
F (1b) .
40 t—

. e st

20 . —

10— L

0 ' 50 .'100 ” 150 200 250 300
_ ' Time,At(sec)
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9,00

8,000

Torque Tl
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Swing-3y Case ~ °
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VARIOUS d !

Initial Velocity
Final Velocity
Arm Length -

oo

0.4 ft/sec,

0

L (Elbow 1209)

400

1350
Time,
300 (sec)

250
200

= 150

4100
50
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| REDUCING AV: HEAD-ON CASE - — -
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20|

Stopping Distance (Ft)




NAJOR COMPO&\LNTS OF JOINT WEIGHT VS ARW LENGTH  moommmormmess
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200

| | Single (1 Degree of Freedom)
150 Joint for Single Arm for Reducmg
Weight ‘- Shuttle-to-Station 4V to Zero.
o) | (Fly-By Case)

00—y L B | |
- \/_ Speed Reducer o A , o

50

g

!
|
i
!
|
A

S U 30 050 6 10 80 - 90
RO Arm Length {ft) | |




TOTAL WEIGHT OF JOINTS VS ARN\ LENGTH
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Arm Length (Feet)
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1600 R —
Single Arm‘(7 Degrees of Freedom) for Reducing Shuttle-to-Station
AV to Zero, Based on Inland Motor Company dc Torque Motors
and United Shoe Machinery Corporation.Harmonic Drives.
1200 Weight Includes Motors, Gearing, Potentiometers, Tachometers,
Bearings, Housing and Wiring (Fly-By Case).
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Reducing Shuttle-to StationlAV to
Zero with Torque Applied at Wrist
(or Shoulder) only and with Elbow
Locked at 1200 (Fly-By Case) -

-~ 3000 7T

2000

Weight (1b)

1000

- BEAM MAXIMUM DIAMETER: 12 INCHES

BEAM MINIMUM WALL THICKNESS:
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_ARM WEIGHT VS AR
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- Weight, Ib.

1800

1600

1400

1200

]

1000 ’{ e

800

o
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CLTLTIRETLN

" Weight includes Beam and Joints for Single Arm.

M LENGTH - ONE APPLIED MOMENT T
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Reducing Sh utt!e-tbetatIon 4V to Zero 'with Torq'uAe‘ :
Applied at Wrist (or Shoulder} Only and with Eibow
Locked at 120°. (Fly-By Case) |

i ) ey
Arm Length (ft)
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= Torgue Applied to Shuttle

Line Length
= Arm Length (Elbow at 120°)

H

—
1

Const. Torque Applied to Arm
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v . Reducing Shuttle-to-Station aV to Zero with Torque
o x ‘ Applied at Both Wrist and Shoulder and with Elbow
7}000ff“*"'"f‘“ Locked at 120° (Fly-By Case). , B
: MAXIMUM DIAMETER: 12 inches | | |
- MINIMUM WALL THICKNESS: 1/16 inch. | |
800 ST ' ‘ | AU
Beam g I
Weight
(1b) .
£ 600, | 7 ~
: % \_ ~ Aluminum Tubej -
A _g. , ;
400 r
200 AT
- e 5 i
L L | i : L. BoronsEpoxy
i ! ;
o o Twe
S0 10 20 30 - 40 50 60 70 " 80 90

- Arm Length {ft)
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1200

~Arm Weight (1b)

200

1000 |

800 |

400 |
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600, b

Reduci'ng Shuttle-to-Station 4V to Zero

~with Torque Applied at Wrist and Shoulder

\ and with Elbow Locked at 1209 (Fly-By Case) | 1
u Weight includes Beam and Joints for Single Arm. ;
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200 £ TUEE DY UnToaa @ Sealays

| V = 0.174 ftlsec
190 — 0

iTask E: Unload, Transfer ‘
180 - ——2 & Dock; V= 0.23 ft/sec

ORI

170, ~;\\\\

- Attachment Point A

'i Attachment
150 - Point B
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C | 65,000 16—
13054“ - i Module Task O \\\g

129

110 -

109 Fer—
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to Stop |
dn 15 ftgo’*
{Chord

20,000 1b"
Module
Task E

L

70

60|

50 1

1b
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400 1b
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Task D v Task D
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|
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- Type of Operating

One Fixed Several Variable Several Fixed
Locations — » | Operating Location Operating Locations Qperating Locations
Number | . Bases | Two | Two Separ. | (Two Separ.
of Arms {Arm One Separate | One Bases One | Bases
- Length Base Bases Base {One Fixed)] Base, {One Fixed)
1 Arm Fixed ;_/'I | C | o L “
| Variable | B . O & O a | O
7 Tdent T | ; |
Arms | Fixed 7 .0 o O S N
(Size,Wt. | o T B e R
Base.etc.)| Variable © A 4 A “
2 Non- | 590 =1 E o 7/ | N
Fixed 3
ldent. “Both - .
Arms Variable © 3 & & L ‘&__ B
One Fixed, | | . .
One Variab. G & JRa = & &

- Not Applicable

0, 05 EGH, I,J= Selected Alter native Concepts

- No Advantage to Keep Both Arms at One Operating Location

. Redundant Means of Increasing Reach Capability
“Since need for increased reach capability comes about due to the reguirement to

reach small {tight) cargo, only one arm need have
1o have 2 identical arms if on separate bases.

this capability. - Also no need
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One Arm, Fixed Length, Fixed Base at Cargo Baw
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Arm Stowed

[One Arm, Telescoping Length, Fixed Base at-Carqo
Arm Length: 45, Exter?dabla',

‘Boy Forward Bulkhead.
to 64 ft. Total Weight: 477 1D.

- N «——— Extension
N

Arm Deployed -

i

| J"’N/.’_"r-’ OIS ION

[P, - At v

DEPLOYMENT METHCD 1

Stowed ~_fe _-Deployed
{ |
‘//

DEPLOYMENT METHOD 2

Stowed Deployed




=

E

L

1 CONCEPT C

[ s T ey oA e D]

R N g
o AL IoR ) T e v e Sy v e f
{ nr/vvcn IASION. H

LT One Arm .xxed “Length, Moving Base with Primar

g a e St o

[} SIO{S 20
il i Arm Deployed
| Position 1
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Stowed = 5 Deployed dPesition 2

Position at Cargo Bay with Forward Bulkhead. Arm

[Lengm 45 ft. Total Weight: 535 1b.

Arm Deployed
Position 2
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fwo Arme. Eixed Lengih, Fixed Separate Bases: @l © 1 ARM1 DFPIOYMENT METHOD il
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gArm at Near Bulkhead. Arm 1 Length 45 & Arm 2
31 ft. Total Weight: 578 Ib.
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Movable Base (Self-Locomo-
\tion) with Primary Base at Cargo Bay Forward Bulkhead

| |Arm Length: 45 ft total weight: 515 [b.|
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{
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~ Roll
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g
78 v
/| Roll
% .
{ Forward 8ulkhead§ \.w//thch

- of Cargo Bay For Location Error of 2 mches at Wrast

For Equal Arm Segments, and For Equal
Angular Accuracy in All Joints: The
Required Angular, Accuracy at Each Degree
of Freedom is:

d =+

———  degrees.

wnere Lis in feet.
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ALTERNATIVE CONCEPTS DATA TABLE | o PR TR LA
mﬂffffffffiz;i;:wmwwmmingrﬁgwjﬂzmwﬁwiww?wgwwrm?mmmﬁ”mTEXCJETJJLT;”“W
e : ! | i : G ‘ H I J
Paraneter 4 ; ‘ :
, | i ’ | |
Number of Arms BB 14 2 | 2 1 2 12 1 2
; : n . ‘ s
| | | E 5
Number of TV Cameras 4 4 4 e T i Y
Manipulator Weight (1b)" 439 477 + 535 527 578 | 515 458 | 529 | 482 | 466
: ! . | : i
Arm 1 - Length (ft) 64 | 45 ; 45 65 45 . 45 1 46 1 46 A5 S
Base X - Location (in.) 1082 ; 1082 1082 1082 1082 108Qi 1082: 1082 | 1277 1082
4 S i | 1300 | @ P13 ool ; 3 5
Diameter (in.) - 12 ¢ 12 12 | 12 12 0 12 4 12 12 12 12
Wall Thickness (in.) 0.10 | 0.06! 0.0G6 | 0.10: 0.06/ 0.06: 0.06 0.06; 0.08; 0.06
Torque (ft-1b) , 1125 ! 1500} 1500 | 500 1500/ 1500; 738 - 738 | 1225i 738
: Tip Force (1b) 45 177 7T 18 77 1 77 % 37 37 | 59 . 3
I - Joint Accuracy (deg) 0.08 ; 0.1z} 0.1z | 0.08] 0.12, 0.12° 0.12° 0.12 0.11) 0.12
‘. Arm 2 - Lenqth (ft) . - i - —_— 65 , ! 31 ! - ' : 46 : 4n ! oo E 46
; Base X - Location (in.) - i - - 1082 18437 - i 1082 1082 ‘-- | 108Z
: : ! i i L1300 1300
! Diameter (in.) L — i == b e- 12 2.25p -- 4 12 12 1 - 12 '
i Wall Thickness (in.) -- == == 0 0.1 0.03/ -- | 0.06 0.06 -- . 0. 05
i Torque (ft-1b) - e ] - 500 | 4 | .- | 7384¢ 738 i -- i 738
4 Tip Force (1b) - -- -- 18 0.181 -- S 37 037 - 37
Joint Accuracy (deg) Lo b osl 007 - 0. 08| 0.08} -- ! °0.09
Extension-t- it (ft) SR S LI -- - 0 - 19§ - - L -
Diameter (in.) S S-S -] - 1.6 1 -- -— -
Wall Thickness (in.) ' - 0.03¢ -- -- T 0. 031 - e
Torque (ft-1b) -— 110 | -- - == == 10 - e B
Tip Force (1b) : -~ 0. 16‘ = - i - e 5 0.16; =-- -— ==
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o A B |
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CONCEPT ADVANTAGES AND DISADVANTAGES "y
f&mﬁammwﬁzwmmwm~mu AR NLE S AT MY DU R IR I SR U DRASY W L BRI RN AN AOV SS O, - - b
Configuration Advantages Disadvantages
:-—Ebhtepan ma‘FSimp]e design. Minimum 1nlé?fdcé‘probleﬁ;:“—“Lohd'aghm1gﬁ§th. No redundancy. Orthogonal
' One arm : High reliability. Low cost. Straight for- | viewing at end effector not feasible.
F{xcd Lén th . ward controls and displays. Stows and de- Limited capability for secondary tasks such
Fixéd Basg p]oys easx]y as maintenance and repair.
Concept B ~ {Short basic arm iength. Minimum interface Compiex telescoping mechanism, No redun-
! One arm problems. Better dynamic control with dancy. Orthogonal viewing at end effector
Télescbﬁing task dependent arm length., Minimum sto- not feasible. Limited capabiiity for
length wage volume. | secondary tasks. Additional displays re-
Fixed Base ' - quired.
Concept C ~ Ishort arm length. Better dynamic control Increased interface problems. Complex base
{ One arm, with task dependent base location. High mechanism. No redundancy. Requires adci-
cived Len th reliability. tional controls and displays. Limited
Moving Bage ‘ : capability for secondary tasks.
Concept D Good dynamic control. Reddﬂdancy fcr Incre aSOd *wthr‘ace prob?oms Complex cen-
E Two arms, single arm failure for all non-docking trol for coordinated motion. Requires
; Fixed Length, . |tasks. Good capability for secondary additional sensors/displays. Panoramic
| Fixed Comon tasks. Loads shared between arms. view more likely to be obstructed by amms.
— Base R o e Long arm length. HMore complex collision
i Concept £ . |Short arm ]engths Prov1oes 11m1tcu redun- LOVOROANCE. ]
i Two arms, -~ {dancy for non-docking tasks. Better dyna- Increased 1ntor.ace prob]cms Separatc
§ Fixed length, |mic control with task dependent arm designs. | controls/displays for each arm. High cost
i -fixed separate |Good capability for secondary tasks. . for development of two (2) different arms.
{ Bases ' ' .
[ S— L ] e . . R - . e e e s e o el e g
§ Concept F Short arm length., Good dynamic control Comp]ex 1nher'aco problem . Complex con-
i One arm, with task dependent base location. Mini- trol problem to move base location. Mo
! Fixed Length, ;mum stowage volume. e redundancy. Limited capability for secon-
! Two Base . ’ . A ' dary tasks.
|




CONCEPT ADVANTAGES AND DISADVANTAGES
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! Configuration | Advantages

é Concept G - Good dynamic control. Redundancy for single
i Two arms. - arm failure for most cargo handling tasks.

' One fixed Good capability for secondary tasks. Loads

i lenat shared between arms. Basic arm length short.
i g"h, '

i One tele-

! _ scoping

!

Fixed Base |

3

Concept H : Good dynamic control. Redundancy fer single
Two arms . L arm failure for most cargo handling tasks.
Fixad leﬁgth, + Good capability for secondary tasks. Loads .
| One fixed fShgred between arms. Arm length short.
i Base .
One Moving |
Base , '
E——— .“;___"”_f . . L
‘Concept 1. I Simple design. High reliability. Low cost.
One arm, Straight forward controls and displays.

| Shortest total arm length to perform all

Fixed length, tasks with fixed base, non-extendible arm.

Fixed Base

i

. Good dynamic control. Redundancy for single
arm failure for most cargo handling tasks.
Arm length short. Good capability for
secondary tasks. Loads shared between arms.

Concept J

Two arms,

Fixed length

One fixed .
base

One multiple
base

—— e

|

lComplex telescopingmechanism. Additional

lsensors/aisplays required. Complex control
| for coordinated motion. More complex colli-
tsion avoidance. :

;v".--'.:\;::f.‘:ﬁ.ummzf:mwmm,L e e e e

Disadvantages

-

Increased interface problems. Complex base
mechanism. Additional controls/displays
required. Complex control for coordinated
motion. More complex collision avoidance.

No redundancy. Limited capability for
| secondary tasks. Non-symmetrical loads
on shuttle.

Increased interface problemns. Complex
control problem to move base location.
Complex control for coordinated motion.
Additional controls/displays required.
More complex collision avoidance.




= —

SARRCEMEY VXTSI DO

CONCEPT SCORING FORM

'"mmm:m._m»mmww:nwx S UNAT T TR

T XLV SR

:.'.‘-l ['-J ”"’A wu/.\_f \}/

T A S R ST R

RPRORS VP U

v wa o ek ins s

Wi
“'r e'::

’.‘,l

s

* Capabﬂity of viewing*end effector at right angle during task nerformance.

— L /J['NL."/'\’ OIS 1o
“\C_Q_QEEDt |
Parameter T — weighting LA .\ B C - D E| F G H I J
! Cost e e e I r - 8 ‘
| Development Risk . | 5. . SN S W NN N
i A,Snuttle._lnter_fﬁc.e.-_,._._____..'_._.___...__,__.-_..._A..-_-__.A5..._ SR UV AV N M N e
L _Meight R A NSO JSUUSUUUONS NSRS SO NN U S SRS RIS S SRS S
1__Crew Mork_ Load. [ DRSNS SO NUNS N S I
P r g‘i.neerihg Development. _. ... . ... — ~5 S AURHES WERNRUNS R — o} -
__Propavility of Mo Failure LB Lobe o
Mechanical Complexity - | Z /3. 712 .59 6,8 F 0O
' Secondary Task Cap.(Main. & Repair Task} _ Z |l 1 |l 8 RN U SN S S
| Fai) Operational Capadility | 3. .| | RN W NN TS SO MU N S
| Direct Viewing Potential . _..___ | .3 | .l IS KO PV N
| Stowage Volume . . . SNSRI T A RO S & BN R B O
| Arm Length SRS SR A - ‘ R :_ I,
| Crew Training AN N § hi —— SRS SRS NSNS SRS PN R
Control Comp]enty ;o L o - |
__(Computer Augmentation) L S i} OSSR N S __-_2.___4
|__Self-Maintenance Capability _ /* i ) 1_ l A *i____
___T_g_]ecomumcatmns Comp]emty / 4 ‘ I o ”';*_ o _.%,-4.”_! L ' ]
AR i I ‘ T
| Displays_ . SV 1% AU T B -~__],__ I
|__Orthogonal. Viewing*. . . ... , - / - - i . i e i l RSN S {__.._.
_Collision Avoidange ... .. ... 4. . 7SN N | L i S . '




-
|
-

T LA S SR TR TR AT L T3 S D R L i ST A DS T AR IR TR I T G Y SR LS M D TSk LY R, RS Gl T RTINS ¢ o7 bommt mormim verin om0 ot

' !

ALTERNATIVE CONCEPTS RANKED

! i CIENEF? /)/ 7 /rvv
. i o
| RANK - CONCEPT  scoRe | DESCRIPTION o
] ' A ; 216 | One arm, fixed length, fixed base at cargo bay forward bulkhead.
! | :
. E g One arm, fixed length, fixed base at 17 feet rearward
2 R | 227 i from forward bulkhead.
Y SO U e e e e s -
s t
3 b D 254 Two avms, fixed length, flxed cominon: base at cargo bay
: g forward bulkhead.
4 B :272 One arm, te]escoplng length, fixed base at carqgo bavy
i : forward bu]Phead
T . ?— - ."__l_.“” T PRI e e ime rma e CiE 8 e e v — . R ma— r—— ——
- z ;Two arms, fixed comnon base; one arm fixed length; other
5 G i 290 | arm te]escop1ng length, mounted at cargo bay forward bulkhead.
4 N “L_ e e et et e e
6 L 304 ! One arm, fixed length, moving base with primary position
: iat cargo bay forward bulkhead.
—— — - e - o——— — — *_ B i —————
: - Two arms, fixed length; one arm fixed base at forward bulkhead; other
7 - H [arm moving base with pr1mary base at forward bulkhead.
S T T | e T, e ]
. % { Two arms, fixed lenath, fixed separate bases; one arm at cargo
8 Lk - 354 i bay forwaru bulvlicad; other arm at near bulkhead.
‘ 'Two arms, flxed length; one arm fixed base; other arm movable base
9 J | 401 {self- ]ocomof1on) with brimary position at forward bulkhead.
I A P . e e B e
S - | , : -
10 | 414 | One’arm, fixed lonqth, movable base (self-locomotion) with primary
' . base at cargo vav forward bulkhead.
. N 90 LAy FO
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